Discussion
The elimination of medical errors is a major focus for organized medicine since the publication of the Institute of Medicine's report on medical errors in 1999 1 . A number of studies have been published investigating labeling errors in laboratory medicine [2] [3] [4] and have shown that identification errors may involve misidentification of the patient or the patient's specimen. [2] [3] [4] [5] Such errors may result in patient inconvenience or harm. Fewer studies have addressed specimen labeling errors in Anatomic Pathology. 6, 7 Identification errors for patient or sample can be classified as pre-analytic, analytic or post-analytic. Labeling errors occurring during the analytic component of specimen processing are addressable by pathologists and studies have described methods for error reduction in this area. [3] [4] [5] Specimen labeling errors in an anatomic pathology laboratory occur at several points in specimen processing. In the gross room, specimen containers can be paired with cassettes labeled with an incorrect number or an incorrect part number. Similar errors can occur in a histology laboratory. 8 Errors may occur in the transcription office where dictations are transcribed with the wrong patient name and report number. 8 We performed a statistical analysis to categorize errors according to type, person committing the error, case complexity, day of week, time of day and case type. Standard quality management tools including cause and effect diagrams and "5-why" analysis were used to explore potential root causes.
Objective: Statistical and root cause analysis were used to clarify relationships between labeling errors and causal factors in an Anatomic Pathology gross room and to identify potential solutions. Materials and Methods: A retrospective analysis was performed on quality assurance records of ARUP Laboratories/University of Utah Department of Pathology between July 2009 and April 2011. Results: Eighty-five errors occurred among 45,000 cases processed over the study period. Twenty-seven percent of errors were committed by residents although they processed only 5.5% of cases. Errors were associated with case complexity. Root cause analysis identified the mechanical cassette labeler, the size and layout of the Gross Room and process standardization as areas requiring improvement. Conclusion: Labeling errors in an Anatomic Pathology laboratory appear endemic and show an association with case complexity, employee type and certain time periods. Root cause analysis suggested improvements in equipment, standard practices, employee training and design of laboratory space.
Data collection:
We reviewed quality assurance (QA) records of ARUP Laboratories/ for all labeling errors recorded between July 2009 and April 2011. Statistical Methods: Logistic regression was used to explore associations between errors and causal factors such as daily case load, time of day, day of week, case complexity and employee category (resident vs. staff). Root cause analysis: A process flow diagram was developed to provide a detailed description of the process. Analyses were undertaken to identify the circumstances (what, who, when, where) of each error. Analysis of the error descriptions included the point in the process where the error occurred, error impact (within case vs. between case), and error type (e.g., transposition of numbers, "one-off" shift in digits).
Effect of Employee Category: We identified 85 errors among approximately 45,000 cases that were processed over the study period. Forty-six percent of the cases were BCEs. Overall, pathology residents had a higher error rate (p<0.001) than technologists. Pathology residents accounted for 27% of the errors but processed 5.5% of the cases. There was no association between employee category and error type.
Effect of Specimen Complexity: The above results on employee type are confounded by the fact that pathology residents process most of the complex specimens so it is possible that the error rate may be due to specimen complexity rather than employee type. We used dictation length as a surrogate for case complexity. We divided dictation lengths into quartiles and found that the error rate was significantly higher for cases with dictation length in the highest quartile (dictation length > 78 seconds). This pattern occurred for both pathology residents and technologists (Table I) . Among GROSS cases, relatively complex cases (quartile 4) accounted for 64% of the errors but only 25% of the cases.
Error types: Among the errors, 42% were transcription errors, 24% were "off-by-one" errors, 23% were numbering and sequence errors, 6% were transposition errors, and 4% were adjacent number duplication (Table II) .
Root Cause Analysis: We used a cause-and-effect diagram to explore the factors that contribute to error (Figure 2 ). This was developed with the aid of gross room staff. Machinery: Several staff indicated that the cassette labeling machine was a major source of error. The machine is not linked to a computer which increases the probability of duplicate case numbers. The cassette labeling machine in use during the data collection period had a dial that was difficult to turn and a readout that was difficult to see. Both of these factors contributed to error. The cassette labeling machine often broke down which then required personnel to label the cassettes by hand, an error-prone labeling method. The cassette labeling machine has since been replaced with a newer model which incorporates improved input, clear readout features and a computer interface. Staff felt that most errors were associated with cases in which extra cassettes were required. This involved an interruption of their work, resetting the cassette machine, printing the cassette label and returning to the station. Materials: Cassette trays have no demarcation for cases so that it is easy for cassettes to become mixed and it is difficult to detect errors. Environment: Crowding and interruptions may also have contributed to errors. During the study period, the gross room was located in a single small room (20 x 20) which often had up to six people working at one time. The room was noisy and interruptions were frequent. Personnel: There are several potential reasons why residents commit more errors that technologists. First, there is a high turnover of residents who normally spend about 2 months per year in the gross room. Thus, errors may be associated with learning effects. The turnover is largely unavoidable due to the fact that the gross room operates in a teaching hospital. It is also possible that residents have a different aptitude or attitude for the detail-oriented work required in the gross lab. Process: Cases are picked up for transfer to the histochemistry lab at 6:30 pm. This sometimes causes a rush to meet the deadline and may contribute to errors. In particular, we saw a trend toward an increase in errors toward the end of the day on Friday and on Saturday. Lack of standardization may also contribute to errors. Residents rotate at three different hospitals all of which have different labeling methods. Aside from the formal quality check at the end (Figure 1, G10) , quality checks in the gross room tend to be informal and are done by the same person who performs the grossing step (Figure 1 , G7a or G7b).
Five-why analysis: Many of the potential causal factors (e.g. crowding, machinery), resolution involve major expenditures which pose impediments to change. Other items on the list of potential solutions involve tradeoffs between gross room production and error reduction. For example, more formal quality checks could be introduced at the start and end of a case; however, this would consume manpower that could otherwise be used for production. In addition, add to this trade off the fact that quality checks are considered a weak error-intervention strategy (since they rely on attention resources and memory) and we find formal checks ranking lower on the list of possible actions.
• Case complexity, employee type, time of day and day of week all appear to be proximal factors associated with labeling errors.
• Residents are more likely than pathology assistants to mislabel specimens.
• There is an "end of week effect" with increases in labeling errors occurring on Fridays and Saturdays.
• Root cause analysis (RCA) reveals labeling errors are "common cause" and endemic to the process.
• RCA reveals that labeling errors are not knowledge-based or judgment-based.
• Changes in equipment, equipment location and lighting are suggested by RCA analysis to reduce laboratory errors.
Results
Labeling errors can occur at any point in the process (Figure 1) 
